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Description 
SWITCHING ASSEMBLY 

Cross Reference to Related Applications 

[0001] This application is a nonprovisional of U.S. Provisional Ap- 
plication No. 60/427,119, filed on November 18, 2002, 

which is incorporated by reference herein. 
Background 

[0002] Fie id 0 f t h e Disclosure. 

[0003] The present invention relates generally to switching de- 
vices, and more particularly, to a solid state power switch- 
ing module assembly having improved thermal perfor- 
mance. 

[0004] Description of Related Art. 

[0005] Examples of electrical devices that have idle intercon- 
nected current paths include transformer tap switches, 
static voltage-ampere-reactive (VAR) compensators, and 
static transfer switches ("STS"). In these devices, either the 
power source or load are interconnected via solid state 



switch device modules, such as dual silicon controlled 
rectifier ("SCR") modules. Based on system requirements, 
portions of the interconnected path remain idle and be- 
come active based on the operation of the SCR modules. 
For example, a STS is commonly used to switch between a 
primary and one or more alternate power sources in the 
event of failure or instability of the primary source. STSs 
are commonly used in applications that require continuity 
of power, such as in hospitals, and critical processes in 
both industrial and commercial settings. At the heart of 
the STS are dual SCR modules, which are solid state switch 
devices that have two SCRs connected in an inverse paral- 
lel configuration to control the AC current supplied to a 
connected load. 

[0006] a typical SCR module emits approximately 1 watt of heat 
per ampere of current through the device when conduct- 
ing current to a connected load. Depending on the load 
requirements, the heat generated by the device can be 
well over one kilowatt. Failure to properly dissipate the 
heat generated by the SCR module can result in a pre- 
mature failure and/or reduced performance of the SCR 
module. Moreover, the SCR module is typically housed in- 
side an enclosure with other temperature sensitive elec- 



tronic devices, and thus the increased heat energy gener- 
ated by the SCR module can damage and/or impede the 
performance of surrounding electronic devices. A thermal 
interface, such as a heat sink, must be provided to dissi- 
pate the heat generated by the SCR module. Because of 
the criticality of the STS and thus the importance of hav- 
ing properly operating SCR modules, there is a continued 
focus on finding ways to more effectively dissipate the 
heat generated by the SCR modules and reduce the tem- 
perature rise of the heat sink. 

[0007] Heretofore, methods of increasing the heat dissipating 
capability of the heat sink have included using aluminum 
heat sinks with copper portions interspersed at critical lo- 
cations on the heat sink, such as that disclosed in U.S. 
Patent No. 3,766,977 to Pravda et al.; the use of fans to 
more actively circulate the SCR module's heat energy 
throughout the surrounding air; and using a cooling fluid 
medium applied to the heat sink and/or the SCR module. 
Moreover, it has been thought that the heat generated by 
a SCR module spreads readily from the hot, active SCR 
module to areas of the heat sink which are occupied by 
inactive cooler devices. 

[0008] The present application addresses these shortcomings as- 



sociated with the prior art. 
Summary of Disclosure 

[0009] | n one aspect of the disclosure, a switch assembly has a 
heat sink with two switch modules coupled thereto. Both 
of the switch modules are used in switching operations to 
make use of the entire heat sink, providing improved heat 
dissipation. The switch modules each have first and sec- 
ond switch devices, with each switch device having a gate 
terminal. A first power source input terminal is connected 
to a cathode terminal of the second switching device of 
the first switch module and an anode terminal of the first 
switching device of the second switch module. An output 
terminal is connected to an anode terminal of the second 
switching device of the first switch module and a cathode 
terminal of the first switching device of the second switch 
module. The gate terminals of the switching devices are 
controllable such that the first switch module conducts 
during a first portion of the power duty cycle and the sec- 
ond switch module conducts during a second portion of 
the power duty cycle. 

[0010] Further, a method of operating switching modules cou- 
pled to a common heat sink is disclosed. Each of the 
switching modules has first and second switch devices. 



The method includes applying a source voltage to the 
switching modules and conducting a positive portion of 
the source voltage through one switch device of the first 
switching module. A negative portion of the source volt- 
age is conducted through one of the switching devices of 
the second switching module. For example, the positive 
portion of the source voltage may be conducted through 
the second switch device of the first switching module, 
and the negative portion of the source voltage may be 
conducted through the first switch device of the second 

switching module. 
Brief Description of Drawings 

[0011] other objects and advantages of the invention will become 
apparent upon reading the following detailed description 
and upon reference to the drawings in which: 

[0012] Figure 1 illustrates a typical prior art static transfer switch 
("STS") connection scheme. 

[0013] Figures 2 and 3 illustrate the typical prior art STS connec- 
tion scheme shown in Figure 1 mounted to a thermal in- 
terface. 

[0014] Figure 4 illustrates a STS connection scheme having a 
switching apparatus of cross-coupled dual solid state 
switching devices in accordance with the present inven- 



tion. 

[0015] Figures 5 and 6 illustrate a switching apparatus of cross- 
coupled dual solid state switching devices in accordance 
with an embodiment of the present invention shown in 
Figure 4 coupled to a thermal interface. 

[0016] Figure 7 illustrates a table showing the improved thermal 
performance of an STS having an embodiment of the 
present invention. 

[0017] Figure 8 illustrates the internal components of a SCR 

module, such as those SCR modules shown in Figures 2, 
3, 5, and 6; Figure 8 also shows the gates of the individual 
SCRs within the SCR module coupled to gate terminals. 

[0018] Figure 8A illustrates a top view of the SCR module shown 
in Figure 8 having a cover attached; the top view of the 
cover shown in Figure 8A is also an example of a SCR 
module cover for the internal component view of the SCR 
modules shown in Figures 2, 3, 5, and 6. 

[0019] Figure 8B illustrates a side view of the SCR module shown 
in Figures 8 & 8A having a cover attached; the side view of 
the cover shown in Figure 8B is also an example of a SCR 
module cover for the internal component view of the SCR 
modules shown in Figures 2, 3, 5, and 6. 

[0020] Figure 9 illustrates a top view of a heat sink assembly 



having the STS assemblies shown in Figures 2 and 5 
mounted thereto, showing the broadside of the SCR mod- 
ule. 

[0021] Figure 10 illustrates a top view of a heat sink assembly 
having the STS assemblies shown in Figures 3 and 6 
mounted thereto, showing the narrow side of the SCR 
modules. 

[0022] Figure 11 illustrates a transformer tap switcher connection 
scheme having a switching apparatus of cross-coupled 
dual solid state switching devices in accordance with an 
embodiment of the present invention. 

[0023] Figure 12 illustrates a switching apparatus of an embodi- 
ment of the present invention for use in a three-phase 
system. 

[0024] while the invention is susceptible to various modifications 
and alternative forms, specific embodiments thereof have 
been shown by way of example in the drawings and are 
herein described in detail. It should be understood, how- 
ever, that the description herein of specific embodiments 
is not intended to limit the invention to the particular 
forms disclosed, but on the contrary, the intention is to 
cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as de- 



fined by the appended claims. 
Detailed Description 

[0025] illustrative embodiments of the invention are described 
below. In the interest of clarity, not all features of an ac- 
tual implementation are described in this specification. It 
will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation-spe- 
cific decisions must be made to achieve the developers' 
specific goals, such as compliance with system-related 
and business-related constraints, which will vary from one 
implementation to another. Moreover, it will be appreci- 
ated that such a development effort might be complex 
and time-consuming, but would nevertheless be a routine 
undertaking for those of ordinary skill in the art having 
the benefit of this disclosure. 

[0026] Figures 1, 2 and 3 illustrate a typical prior art static trans- 
fer switch ("STS") assembly 10 coupled to a first AC source 
at terminal 13 and a second AC source at terminal 14. STS 
assembly 10 includes first and second silicon controlled 
rectifier ("SCR") modules 11 and 12 respectively. STS as- 
sembly 10 is coupled to a load at terminal 15. First SCR 
module 11 includes a first SCR 16a and a second SCR 16b 
connected anti-parallel, (i.e. the anode of SCR 16a and 



cathode of SCR 16b are both coupled to the first AC 
source terminal 13). The cathode of SCR 16a and anode of 
SCR 16b are both coupled to the load terminal 15. Second 
SCR module 12 includes a first SCR 17a and a second SCR 
17b similarly connecting the second AC source terminal 
14 to the load terminal 15. 

[0027] As shown in Figures 2 and 3, STS assembly 10 is mounted 
on a heat sink 85. Also shown are gate terminals 86, 
which are typically coupled to the gates of the SCRs, and 
terminations 84, which provide termination points for the 
power supplies and the load. The coupling of the gate ter- 
minals 86 to the gates of the SCRs is not shown in Figures 
2 and 3 for clarity of the figures; however, referring to 
Figure 8 a typical SCR module 110 is shown having the 
gates of SCRs 107a and 107b coupled to gate terminals 
106. The SCR module 110 is an example of SCR modules 
11 and 12 shown in Figures 2 and 3. 

[0028] Figure 2 illustrates prior art STS assembly 10 having the 
broadside of the SCR modules mounted parallel to the 
broadside of heat sink 85, whereas Figure 3 illustrates STS 
assembly 10 having SCR modules 10 and 11 rotated 90° 
and mounted on the heat sink 85. The different mounting 
configurations of STS assembly 10 depicted in Figures 2 



and 3, will be further discussed in reference to Figure 7 
below. 

[0029] During operation the first AC source provides power to 

the load. During the positive half cycle SCR 16a conducts. 
During the negative half cycle SCR 16b conducts. The typ- 
ical STS employs a controller and monitoring means, 
which can monitor the AC source current, AC source volt- 
age, AC source frequency, and AC source phase angle. 
Based on some combination of the monitored values 
reaching a predetermined threshold value, the controller 
sends an output to the gates of SCRs 16a, 16b, 17a and 
17b, to cause the individual SCRs to turn on and off. 

[0030] | n a typical configuration, the first AC source acts as the 
primary power source and the second AC source acts as 
an alternate or backup power source. Based on a moni- 
tored value trigger, such as loss of the primary AC source, 
the controller sends an output signal to the gates of SCRs 
16a and 16b to turn off, and sends an output signal to the 
gates of SCRs 17a and 17b to turn on. During the positive 
half cycle of the second AC source coupled at terminal 14, 
SCR 17a conducts. During the negative half cycle of the 
second AC source at terminal 14, SCR 17b conducts. 

[0031] a typical SCR module emits approximately 1 watt of heat 



energy per ampere flowing through the device. To dissi- 
pate the heat generated by an SCR module, a heat sink 
and/or cooling fans are typically used. The heat sinks typ- 
ically used are aluminum and have fins to increase the 
surface area and dissipate the heat energy to the sur- 
rounding air. Failure to dissipate the heat generated by 
the SCR module is one of primary reasons for failure of 
SCR modules. During operation of a prior art STS assem- 
bly such as the STS assembly 10, because all of the cur- 
rent to the load is flowing through only one SCR module 
11 or 12 at any given time, the total heat energy is gener- 
ated by only one SCR module 11 or 12. Hence, the active 
SCR module 11 or 12 will become excessively hotter than 
the inactive SCR module 11 or 12. Although, the heat en- 
ergy generated by an SCR module may partially dissipate 
to both the inactive SCR module and the heat sink, there 
is a need for improved thermal performance. 
[0032] Turning to Figures 4, 5 and 6 an embodiment of an ex- 
emplary switching apparatus in accordance with aspects 
of the present invention shown schematically. An STS as- 
sembly 20 has a primary AC source at terminal 23 and a 
secondary AC source at terminal 24. STS assembly 20 in- 
cludes first and second dual solid state switch devices, 



such as dual SCR modules 21 and 22, coupled to a load at 
terminal 25. First SCR module 21 includes a first SCR 26a 
and a second SCR 26b. Second SCR module 22 includes a 
first SCR 27a and a second SCR 27b. The first and second 
SCR modules 21 and 22 are coupled to a thermal interface 
80, such as a heat sink, as shown in Figure 5 and Figure 
6. The SCR modules 21 and 22 maybe be connected to the 
thermal interface 80 using compression bonding, reduc- 
ing internal SCR module thermal failures caused by fatigue 
of solder bonds. 
[0033] As shown in Figures 4, 5, and 6, the first and second SCR 
modules 21 and 22 are cross-coupled. The cathode of 
SCR 26b and anode of SCR 27a are both coupled to the 
primary AC source at terminal 23. The anode of SCR 26a 
and cathode of SCR 27b are both coupled to the sec- 
ondary AC source at terminal 24. The cathode of SCR 26a, 
the anode SCR 26b, the cathode of SCR 27a, and the an- 
ode of SCR 27b are coupled to the load at terminal 25. 
Also shown in Figures 5 and 6 are gate terminals 82 and 
terminations 83. Gate terminals 82 are typically coupled 
to the gates of the individual SCRs 26a, 26b, 27a, and 27b 
and terminations 83 provide termination points for the 
power sources and the load. The coupling of the gate ter- 



minals 82 to the gates of the SCRs is not shown in Figures 
5 and 6 for clarity of the figures; however, referring to 
Figure 8 a typical SCR module 110 is shown having the 
gates of SCRs 107a and 107b coupled to gate terminals 
106. The SCR module 110 is an example of SCR modules 
21 and 22 shown in Figures 5 and 6. The different mount- 
ing configurations of STS assembly 20 depicted in Figures 
5 and 6, will be further discussed in reference to Figure 7 
below. 

[0034] a controller and monitoring apparatus monitors various 
parameters including the AC source current, AC source 
voltage, AC source frequency, AC source phase angle, the 
temperature of the thermal interface, the temperature of 
the individual SCR modules, failure of the electrical isola- 
tion between the thermal interface and the SCR modules, 
and/or the status of each individual SCR within the SCR 
modules (e.g. shorted or open SCRs). Based on any of the 
monitored values (or combination thereof) reaching a pre- 
determined threshold value, the controller sends an ap- 
propriate output via terminals 82 to the gates of the ap- 
propriate individual SCRs turning off or turning on the 
SCRs. Depending on the switching apparatus' require- 
ments, the SCRs can be gated for a whole or half cycle. 



[0035] | n the exemplary embodiment shown in Figures 4, 5 and 
6, when either the primary or secondary AC source at ter- 
minals 23 or 24 is supplying power to the load at terminal 
25 one SCR in each of the SCR modules is conducting 
during half of the duty cycle. For example, if the primary 
AC source at terminal 23 is supplying power to the load, 
during the positive half cycle SCR 27a conducts and dur- 
ing the negative half cycle SCR 26b conducts supplying 
current to the load. Because the duty cycle is split between 
the two SCR modules 21 and 22, the heat generated by 
the individual SCR modules 21 and 22 is significantly re- 
duced as compared to prior art devices. Similarly, when 
the secondary AC source at terminal 24 is supplying 
power to the load, SCR 26a conducts during the positive 
half cycle and SCR 27b conducts during the negative half 
cycle, splitting the duty cycle between the two SCR mod- 
ules 21 and 22 and reducing the heat generated by each 
of the SCR modules 21 and 22. 

[0036] using computational fluid dynamics software, a simulation 
of the thermal interface temperature rise for two configu- 
rations of multiple SCR modules mounted on a thermal 
interface (Configuration 1 and Configuration 2) was per- 
formed and the results are illustrated in Figure 7. The 



simulation used two dual SCR modules in a single STS 
pole configuration. The temperature rises listed in Figure 
7 are in degrees Celsius. 
[0037] Figure 8 illustrates an example of the internal components 
of SCR modules 11 and 12 shown in Figures 2 and 3, and 
the internal components of SCR modules 21 and 22 
shown in Figures 5 and 6. For example, as shown in Fig- 
ure 8, SCR module 110 has individual SCRs 107a and 
107b, terminations 101, and gate terminals 106. Individ- 
ual SCRs 107a and 107b are equivalent to SCRs 16a, 16b, 
17a, and 17b depicted in Figures 2 and 3; and are equiva- 
lent to SCRs 26a, 26b, 27a, and 27b depicted in Figures 5 
and 6. Similarly, terminations 101 are equivalent to termi- 
nations 84 in Figures 2 and 3, and are also equivalent to 
terminations 83 in Figures 5 and 6. Likewise, gate termi- 
nals 106 are equivalent to gate terminals 86 in Figures 2 
and 3, and are also equivalent to gate terminals 82 in Fig- 
ures 5 and 6. 

[0038] Turning to Figure 8A, a top view of SCR module 110 

shown in Figure 8 having a cover 100 attached is illus- 
trated. Terminations 101 and gate terminals 106 are also 
shown in Figure 8A. Cover 100 encapsulates the internal 
components of SCR module 110. Cover 100 is also an ex- 



ample of a cover that can encapsulate SCR modules 11 
and 12 of Figures 2 and 3, and SCR modules 21 and 22 of 
Figures 5 and 6. Figure 8B illustrates a side view of SCR 
module 110 shown in Figures 8 and 8A having cover 100 
attached. The side view also shows the terminations 101 
and gate terminals 106. 

[0039] Turning to Figures 9 and 10, top views of a heat sink as- 
sembly 102, having a shroud 103 surrounding a plurality 
of fins 104, with a heat sink 108 attached thereto. Gate 
terminals 86 for SCR modules 11 and 12 (Figure 3), and 
gate terminals 82 for SCR modules 21 and 22 (Figure 6) 
are illustrated in Figure 9 as gate terminal connectors 
106. In the simulation, the cooling system includes a fan 
that blows air across the SCR modules. The top views of 
heat sink assembly 102 as illustrated in Figures 9 and 10 
are shown as if the fan is blowing air out of the drawing 
and into the reader's face. Heat sink 108 is illustrative of 
heat sink 85 shown in Figures 2 and 3 for prior art STS 
assembly 10. Heat sink 108 is also illustrative of thermal 
interface 80 shown in Figures 5 and 6 for STS assembly 20 
having an embodiment of the present invention. 

[0040] Configuration 1 as listed in Figure 7 is the top view of 

heat sink assembly 102 shown in Figure 9. Configuration 



2 as listed in Figure 7 is the top view of the heat sink as- 
sembly 102 shown in Figure 10. As illustrated in Figures 9 
and 10, coupled to the heat sink assembly 102 are the 
SCR modules having cover 100 attached thereto, along 
with terminations 101 and gate terminals 106 (Figure 9). 

[0041] Configuration 1 is illustrated in Figure 2 for the prior art 
STS assembly 10, and is illustrated in Figure 5 for STS as- 
sembly 20 having an embodiment of the present inven- 
tion. As shown in Figure 2 dual SCR modules 11 and 12 
are immediately adjacent each another and mounted on 
heat sink 85. Figure 2 is a bottom view of heat sink as- 
sembly 102 shown in Figure 9, having SCR module cover 
100, as shown in Figures 8A and 8B, mounted to SCR 
modules 11 and 12. As shown in Figure 2 the broadside 
of SCR modules 11 and 12 is parallel with the broadside 
of heat sink 85. The arrows 105 shown in Figure 2 indi- 
cate the direction of airflow across the broadside of SCR 
modules 11 and 12. 

[0042] The value shown by shaded portion 30a in Figure 7 indi- 
cates a heat sink 85 temperature rise for STS assembly 10 
Configuration 1 of the prior art. In this Configuration 1, 
the primary AC source at terminal 13 is providing power 
to the load at terminal 15 and first SCR module 11 is con- 



ducting the entire duty cycle and the adjacent second SCR 
module 12 is not conducting. Using this prior art connec- 
tion scheme and Configuration 1 as shown in Figure 2, the 
simulation predicted a thermal interface 85 temperature 
rise of 63.6°C as shown by the shaded value 30a for prior 
art STS assembly 10. 

[0043] Turning to Figure 5, Configuration 1 for STS assembly 20 
is shown. As previously mentioned, the top view of heat 
sink assembly 102 as illustrated in Figure 9 is shown as if 
the fan is blowing out of the illustration and into the 
reader's face. Figure 5 is a bottom view of heat sink as- 
sembly 102 shown in Figure 9, having SCR module cover 
100, as depicted in Figures 8A and 8B, mounted to SCR 
modules 21 and 22. As shown in Figure 5 dual SCR mod- 
ules 21 and 22 are immediately adjacent each another and 
mounted on thermal interface 80. Also shown in Figure 5, 
the broadside of SCR modules 21 and 22 is parallel with 
the broadside of heat sink 80. The arrows 105 shown in 
Figure 5 indicate the direction of airflow across the broad- 
side of SCR modules 21 and 22. 

[0044] Referring to Configuration 1 for the cross-coupled con- 
nection scheme of the present invention depicted in Fig- 
ure 5, with each SCR module 21 and 22 splitting the duty 



cycle, the predicted temperature rise of thermal interface 
80 was reduced to 50.6°C. The 50.6°C value is shown by 
shaded portion 30b in Figure 7. As shown in Figure 7, us- 
ing the cross-coupled connection scheme for Configura- 
tion 1 in accordance with the present invention, thermal 
interface 80 temperature rise is reduced by approximately 
20%. 

[0045] Also shown in Figure 7 are the predicted thermal interface 
temperature rise values 31a, 31b for SCR modules 
mounted on a thermal interface having Configuration 2. 
Configuration 2 is shown in Figure 3 for prior art STS as- 
sembly 10, and is shown in Figure 6 for STS assembly 20 
having an embodiment of the present invention. As shown 
in Figure 3, STS assembly 10 has SCR modules 11 and 12 
rotated 90°in relation to their placement depicted in Fig- 
ure 2. Similarly, as shown in Figure 6, STS assembly 20 
has SCR modules 21 and 22 also rotated 90°in relation to 
their placement depicted in Figure 5. 

[0046] a top view of heat sink assembly 102 having Configura- 
tion 2 is shown in Figure 10. Figure 10 illustrates the SCR 
modules have module cover 100, as shown in Figures 8A 
and 8B, mounted thereto. As previously mentioned, the 
top view of heat sink assembly 102 as shown in Figure 10 



is depicted as if a cooling fan, used to cool the SCR mod- 
ules, is blowing into your face. Figure 3 is a bottom view 
of heat sink assembly 102 shown in Figure 10. In Figure 3, 
the internal components of SCR modules 11 and 12 are 
shown, whereas Figure 10 illustrates the SCR modules 11 
and 12 having module cover 100 attached. As illustrated 
in Figure 3, the narrow side of SCR modules 11 and 12 is 
parallel with the broadside of heat sink 85. The airflow ar- 
rows 105 represent the direction of the airflow across the 
narrow side of SCR modules 11 and 12. 
[0047] Referring back to Figure 7, the 65.8°C value shown by 
shaded portion 31a indicates a predicted heat sink 85 
temperature rise for STS assembly 10 Configuration 2 of 
the prior art as shown in Figure 3. In Configuration 2 de- 
picted in Figure 3, the primary AC source at terminal 13 is 
providing power to the load at terminal 15, first SCR mod- 
ule 11 is conducting the full duty cycle, and second SCR 
module 12 is not conducting; both SCR modules 11 and 
12 are mounted to heat sink 85. Using this prior art con- 
nection scheme and the Configuration 2 as shown in Fig- 
ures 3 and 10, the simulation predicted a heat sink 85 
temperature rise of 65.8°C as shown by the shaded value 
31a in Figure 7. 



[0048] Turning now to Figure 6, Configuration 2 for STS assem- 
bly 20 having an embodiment of the present invention is 
shown. As previously mentioned, the top view of heat sink 
assembly 102 as illustrated in Figure 10 depicts SCR mod- 
ules 21 and 22 shown in Figure 6 having cover 100 at- 
tached. Figure 6 is a bottom view of heat sink assembly 
102 shown in Figure 10 that depicts the internal compo- 
nents of SCR modules 21 and 22. As shown in Figure 6, 
the narrow side of SCR modules 21 and 22 is parallel to 
the broadside of thermal interface 80. The airflow arrows 
105 show the air flowing across the narrow side of SCR 
modules 21 and 22. 

[0049] Referring to Figure 6, using the same Configuration 2 and 
the cross-coupled connection scheme of an embodiment 
of the present invention, with each SCR module 21 and 22 
splitting the duty cycle, the predicted temperature rise of 
thermal interface 80 was reduced to 47.5°C as shown by 
the shaded value 31b in Figure 7. Using the cross-coupled 
connection scheme for Configuration 2 in accordance with 
the present invention, the thermal interface 80 tempera- 
ture rise is reduced by over 27%. The results illustrated in 
Figure 7 are for a specific heat sink, SCR modules, load 
and power supply configuration; therefore, depending on 



these dynamic characteristics the results could vary. 

[0050] Based on the simulation results shown in Figure 7, a com- 
parison between the optimal configurations for both STS 
assembly 20 having an embodiment of the present inven- 
tion and prior art STS assembly 10 is useful. For prior art 
STS assembly 10, Configuration 1 (i.e. the airflow flows 
across the broadside of the SCR modules 11 and 12), 
which resulted in a heat sink 85 temperature rise of 
63.6oC, is the optimal configuration. For STS assembly 20 
having an embodiment of the present invention, Configu- 
ration 2 (i.e. the airflow flows across the narrow side of 
SCR modules 21 and 22), which resulted in a thermal in- 
terface 80 temperature rise of 47.50oC, is the optimal 
configuration. Hence, using the optimal configurations for 
both prior art STS assembly 10 and STS assembly 20 hav- 
ing an embodiment of the present invention, using STS 
assembly 20 resulted in a greater than 25% drop in the 
thermal interface temperature rise. 

[0051] Although the switching apparatus of the present invention 
has been described for use in a STS, other embodiments 
of the present the switching apparatus of the present in- 
vention include its use in any electrical device that has idle 
interconnected current paths, such as static volt-am- 



pere-reactive compensators ("SVAR") and transformer tap 
switchers. An embodiment of the switching apparatus of 
the present invention used in a transformer tap switcher is 
illustrated in Figure 11. The switch position of transformer 
tap switcher 70 depends on the load 75 requirement. Tap 
switcher 70 includes a primary winding 76 coupled to a 
voltage source at terminals 73, and a secondary winding 

77 coupled to load 75. The tap switcher also includes dual 
SCR module 71 having SCRs 76a and 76b, and dual SCR 
module 72 having SCRs 77a and 77b. 

[0052] The various tap positions represent various transformer 
turn ratios, which equates to various voltage outputs. For 
example, as shown in Figure 11 the first transformer tap 

78 is coupled to SCR 76b of SCR module 71 and is cou- 
pled to SCR 77a of SCR module 72. Similarly, the second 
transformer tap 79 is coupled to SCR 76a of SCR module 
71 and SCR 77b of SCR module 72. During operation, if 
the first transformer tap 78 position is chosen to supply 
power to the load 75, the positive portion of the duty cy- 
cle is conducted through SCR 76b of SCR module 71 and 
the negative portion is conducted through SCR 77a of SCR 
module 72. Similarly, if the second transformer tap 79 is 
chosen to assist in supplying power to load 75, the posi- 



tive portion of the duty cycle is conducted through SCR 
77b of SCR module 72 and the negative portion is con- 
ducted through SCR 76a of SCR module 71. 
[0053] As described and illustrated previously, only a single- 
phase configuration was shown. However, the switching 
device disclosed herein is applicable to multi-phase oper- 
ation. Figure 12 shows an exemplary switching arrange- 
ment for three-phase operation. An STS assembly 90 has 
three sets of switch assemblies 91, 92 and 93. The first 
switch assembly 91 has SCR modules 91a and 91b, the 
second switch assembly 92 has SCR modules 92a and 
92b, and the third switch assembly 93 has SCR modules 
93a and 93b. The SCR modules for each of the respective 
switch assemblies 91, 92, 93 are connected to a common 
heat sink 96A, 96B and 96C. For example, switch modules 
91a and 91b of switch assembly 91 are both connected to 
heat sink 96A. As shown in Figure 12, the three-phase 
primary AC source is connected at terminals 94A, 94B and 
94C, and the three-phase secondary AC source is con- 
nected at terminals 95A, 95B and 95C. Each of the switch 
assemblies 91, 92, 93 includes an output terminal 97A, 
97B and 97C, respectively. The operation of the STS as- 
sembly 90 is as previously described herein. The duty cy- 



cle of each phase being split between individual SCRs lo- 
cated in differing SCR modules to distribute the heat gen- 
erated across a larger portion of the heat sinks 96A, 96B 
and 96C. 

[0054] The particular embodiments disclosed above are illustra- 
tive only, as the invention may be modified and practiced 
in different but equivalent manners apparent to those 
skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the 
details of construction or design herein shown, other than 
as described in the claims below. It is therefore evident 
that the particular embodiments disclosed above may be 
altered or modified and all such variations are considered 
within the scope and spirit of the invention. Accordingly, 
the protection sought herein is as set forth in the claims 
below. 



